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REMARKS 

Amendment to the Specification 

The description of Figure 12, in the Brief Description of the Drawings, has been amended 
to include the sequence identifier for the amino acid sequence of human CCRl as designated in 
the Sequence Listing. No new matter has been added. 

Amendments to the Claims 

The Claims have been amended to use consistent terminology and to delete reference to 
"an effective amount." No new matter has been added. 

Objection to the Drawings Under 37 C.F.R. §1.821(d) 

The Examiner has objected to the drawings in the instant application for failure to comply 
with 37 C.F.R. §1.82 1(d), which requires that a reference to a particular sequence identifier (SEQ 
ID NO:) be made in the specification and claims wherever a reference is made to a sequence. 
Specifically, the Examiner states that Figure 12 of the instant application describes an amino acid 
sequence without employing a sequence identifier either in the drawing or in the Brief 
Description of the Drawings. 

The description of Figure 12, in the Brief Description of the Drawings, has been amended 
to reference the sequence identifier SEQ JD NO: 1, which is the sequence designation for the 
amino acid sequence of human CCRl shown in Figure 12 as listed in the Sequence Listing for 
the instant applicafion. Reconsideration and withdrawal of the objection are respectfully 
requested. 

Rejection of Claims 1-163 Under 35 U.S.C. SI 12. First Paragraph 

Claims 1 to 163 are rejected under 35 U.S.C. §112, first paragraph. The Examiner states 
that Claims 1-163 contain subject matter which was not described in the application in such a 
way as to enable one skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and/or use the invention. Specifically, the Examiner states that the 
Specification does not provide the guidance needed to predictably administer an anti-CCRl 
anfibody to an organism for clinical effect. The Examiner further states that the Specification 
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appears to be relying on procedures "well known to the skilled artisan" to provide the details of 
the claimed method and alleges that the administration of antibodies for clinical effect does not 
appear to have been well known to the skilled artisan at the time the application was filed. 
Claims 98-163 have been cancelled herein. 

Whether the Specification would have been enabling as of the filing date involves 
consideration of the nature of the invention, the state of the prior art, and the level of skill in the 
art. MPEP §2 164.05(a). The state of the prior art is what one skilled in the art would have 
known, at the time the application was filed, about the subject matter to which the claimed 
invention pertains. The relative skill of those in the art refers to the skill of those in the art in 
relation to the subject matter to which the claimed invention pertains at the time the application 
was filed. 35 U.S.C. §112 requires the Specification to be enabling only to a person skilled in the 
art to which it pertains or with which it is most nearly connected. Indeed, the specification need 
not disclose what is well-known to those skilled in the art and preferably omits that which is 
well-known to those skilled in the art and already available to the public. In re Buchner, 929 
F.2d 660, 661 (Fed. Cir. 1991). 

Applicants are submitting a Declaration Under 37 C.F.R. §1.132 by Dominic Picarella 
concurrently herewith as evidence that it was routine and would not have required undue 
experimentation for one of skill in the art to determine the route and duration of administration 
and the quantity of antibody or antigen-binding fi-agment to be administered to effect the methods 
claimed in Claims 1-97 at the effective filing date of the above-identified application. Dr. 
Picarella states that it was well within the ability of the skilled artisan to administer an anti- 
CCRl antibody or antigen-binding fi-agment thereof as disclosed in the above-identified 
application and recited in the claims to inhibit a CCRl -mediated effect, Le,, to inhibit interaction 
of a cell bearing CCRl with a ligand of CCRl, to inhibit a fimction associated with binding of a 
chemokine to a manmialian CCRl, or to inhibit leukocyte trafficking, without undue 
experimentation. 

In particular, Dr. Picarella states that at the effective filing date of the application, a large 
number of monoclonal antibody therapeutics were in clinical use and preclinical trials, as 
evidenced by Reichert, Nature Biotechnology 79:819-822 (2001) attached to the Declaration as 
Exhibit B. Reichert provides a review of various aspects of the clinical development of antibody 
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products and notes that between 1980 and 2000, 227 monoclonal antibody products entered 
commercially sponsored clinical studies. Thus, there was a large body of knowledge available to 
the skilled artisan in the field of antibody technology, particularly related to the formulation and 
optimization of antibody products for in vivo use, at the effective filing date of the application 
(Declaration, i|4). 

In addition, Dr. Picarella states that, given the disclosure of the application and the 
knowledge of the skilled artisan at the effective filing date of the application, it would have 
required only routine experimentation for the skilled artisan to make and use the claimed 
invention. In particular, Dr. Picarella states that the skilled artisan would have determined the 
pharmacodynamics profile in vitro {i.e., the amount of antibody needed to completely inhibit, 
e.g., chemotaxis, and the amount of receptor saturation necessary to achieve complete inhibition) 
and in vivo {i.e., the dose of antibody to be administered to achieve in vivo the level of receptor 
saturation determined in vitro). The skilled artisan would also have determined the pK profile 
{i.e., the concentration of antibody in the blood over time resulting fi-om various amounts of 
administered antibody) of the antibody. These routine determinations would have allowed one of 
ordinary skill to make and use the invention commensurate with the current claims. Dr. Picarella 
also states that the procedures for determining both the pharmacodynamics profile and the pK 
profile were routine in the art at the effective filing date of the application and would not have 
required undue experimentation. (Declaration, ^ 5-7). 

Thus, Dr. Picarella states that it was routine and would not have required undue 
experimentation for one of skill in the art to determine the route and duration of administration 
and the quantity of antibody or antigen-binding fi-agment to be administered to effect the methods 
claimed in Claims 1-97 at the effective filing date of the application. Dr. Picarella also states that 
it was well within the ability of the skilled artisan to administer an anti-CCRl antibody or 
antigen-binding fi-agment thereof as disclosed in the application and recited in the claims to 
inhibit a CCRl -mediated effect, i.e., to inhibit interaction of a cell bearing CCRl with a ligand of 
CCRl, to inhibit a fimction associated with binding of a chemokine to a mammalian CCRl, or to 
inhibit leukocyte trafficking, without undue experimentation (Declaration, *1[8). 

Accordingly, as supported by the Reichert reference and the Declaration, the 
Specification was indeed enabling to a person skilled in the art to which it pertains or with which 
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it is most nearly connected for the invention claimed in Claims 1-97 at the effective filing date of 
the application. Reconsideration and withdrawal of the rejection are respectfully requested. 

Rejection of Claims 8. 13-15, 17-18. 20-35. 39, 44-48. 51-64. 70. 75-77. 79-80, 82-97. 103, 108- 
110. 112-113. 115-130. 136, 141-143. 145-146. 148-163 Under 35 U.S.C SI 12. First Paragraph 

Claims 8, 13-15, 17-18, 20-35, 39, 44-48, 51-64, 70, 75-77, 79-80, 82-97, 103, 108-110, 
112-113, 115-130, 136, 141-143, 145-146, 148-163 arerejectedunder 35 U.S.C. §112, first 
paragraph. The Examiner states that these claims contain subject matter which was not described 
in the specification in such a way as to enable one skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and/or use the invention. Specifically, the Examiner 
states that these claims expressly require the biological material recited therein as 2D4, and thus, 
Applicants, their assignee or their agent must provide a biological deposit declaration. 

Applicants are submitting concurrently herewith a Statement Under 37 C.F.R. §1.806 and 
§1.808 which states that murine hybridoma 2D4 has been accepted for deposit under the 
Budapest Treaty and that, except as permitted by 37 C.F.R. § 1.808(b), all restrictions on the 
availability to the public of the material so deposited will be irrevocably removed upon the 
granting of a patent. Applicants also note that the Specification provides the accession number, 
date of deposit, name and address of the depository, and taxonomic description of the deposited 
biological material (see, for example, page 18, lines 23-27). Thus, Applicants beheve that the 
requirements of 35 U.S.C. §112, first paragraph, have been met. Reconsideration and withdrawal 
of the rejection are respectfully requested. 

Rejection of Claims 1-163 Under 35 U.S.C. §112. Second Paragraph 

Claims 1-163 are rejected under 35 U.S.C. §112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant regards 
as the invention. The Examiner states that Claims 1-163 are vague and indefinite in the 
recitation of "an effective amount of an antibody" because one would reasonably expect that 
even a single antibody molecule would be inhibitory to a minute extent. The Examiner further 
states that it is unclear how the scope of claim 1 would be altered by the deletion of the 
limitation. 
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Claims 98-163 have been cancelled. In order to expedite prosecution, the remaining 
claims have been amended to delete reference to "an effective amount." This amendment does 
not narrow the scope of the claimed subject matter, as supported by the Examiner's statements. 
Reconsideration and withdrawal of the rejection are respectfully requested. 

CONCLUSION 

In view of the above amendments and remarks, it is believed that all claims are in 
condition for allowance, and it is respectfully requested that the application be passed to issue. If 
the Examiner feels that a telephone conference would expedite prosecution of this case, the 
Examiner is invited to call the undersigned. 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

B v cjouict fVl .TlZajm^i, 

Lisa M. Treannie 
Registration No. 41,368 
Telephone: (978) 341-0036 
Facsimile: (978) 341-0136 



Concord, MA 01742-9133 
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ANTI-CCRl ANTIBODIES AND METHODS OF USE THEREFOR 



CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify that this correspondence is being deposited with the United 
States Postal Service with sufficient postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1 450, Alexandria, 
VA 223 1 3-1 450, or is being facsimile transmitted to the United States Patent 
and Trademark Office on: ,/0 j, '\ 

Date Signature 
Typed or printed name of person signing certificate 




STATEMENT UNDER 37 C.F.R. SI. 806 and SI. 808 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Pursuant to 37 C.F.R. §1.806 and §1.808, the undersigned attorney states as follows: 



The above-referenced application contains reference to a biological deposit 
deposited under the Budapest Treaty at the American Type Culture Collection, 
10801 University Boulevard, Manassas, VA 201 10-2209. Murine hybridoma 2D4 
(LS-125-2D4-1 1-10-1) was deposited on February 1, 1999, and assigned ATCC 
Accession Number HB- 12644. A copy of the ATCC Deposit Receipt for this 
deposit is attached as Exhibit 1. 
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2. Deposit HB- 12644 will be maintained in a public depository for the enforceable 
life of the patent which issues from the above-referenced application, a term of at 
least thirty years from the date of deposit or at least five years after the most recent 
request for the furnishing of a sample of the deposit is received by the depository, 
whichever is longer. 

3. In accordance with 37 C.F.R. §1.808(a)(l), access to deposit HB-12644 will be 
available during the pendency of the above-referenced application to one 
determined by the Commissioner to be entitled thereto under 37 C.F.R. §1.14 and 
35U.S.C. §122. 

4. hi accordance with 37 C.F.R. § 1 .808(a)(2), and except as permitted by 37 C.F.R. 
§ 1.808(b), all restrictions imposed by the depositor on the availability to the 
public of the deposited material will be irrevocably removed upon the granting of 
a patent on the above-referenced application. 

5. The undersigned is an attorney of record. 

Respectfiilly submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 



B v <^jU0LfN/L> \xz^xjf\jnjJL 

Lisa M. Treannie 
Registration No. 41,368 
Telephone (978) 341-0036 
Facsimile (978)341-0136 



Concord, MA 01742-9133 
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10801 Univenity Blvd • Manassas, VA 201 10-2209 • Telephone: 703-365-2700 • FAX: 703- 

BUDAPEST TREATY ON THE INTERNATIONAL RECOGNmON OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VL^BDLITY STATEMENT ISSUED PURSUANT TO RULE 10.2 



To: (Name and Address of Depbsitor or Attorney) 

LeukoSite, Inc. 
Attn: Shixin Qin 
215 First Street 
Cambridge, MA 02142 

Deposited oq Behalf of: LeukoSite, Inc. 

Identification Reference by Depositor: ATCC Designation 

Mouse hybridoma LS-125-2D4-1 1-10-1 HB-12644 

The deposit was accompanied by: a scientific description _a proposed taxonomic description indicated 

above. 

The deposit was received February 1. 1999 by this International Depository Authority and has been accepted. 
AT YOUR REQUEST: 2L We will not inform you of requests for the strain. 

The strain will be made available if a patent office signatory to the Budapest Treaty certifies one's right to 
receive, or if a U.S. Patent is issued citing the strain, and ATCC is instructed by the United States Patent & 
Trademark Office or the depositor to release said strain. 

If the culture should die or be destroyed during the effective term of the deposit, it shall be your responsibility to 
replace it with living culture of the same. 

The strain will be maintained for a period of at least 30 years from date of deposit, or five years after the most 
recent request for a sample, whichever is longer. The United States and many other countries are signatory to 
the Budapest Treaty, 

The viability of the culmre cited above was tested Febniarv 23. 1999 . On that date, the culture was viable. 
International Depository Authority: American Type Culture Collection, Manassas, VA 201 10-2209 USA. 
Signature of person having authority to represent ATCC: 

QA^L^CU^^ 'yU . ^^(S^J^C^ Date: February 24, 1^99 f EXHIBIT 



Barbara M. Hailey, Administrator, Patent Depdsit ry 

cc: David E. Brook, Esq. (Ref. LKS97-13) ^ 
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BoxAF 

Assistant Comnaissioner for Patents 
P.O. Box 2327 
Arlington, VA 22202 

Sir: 

I, Dominic Picarella, of 28 Deer Pond Drive, Sudbury, Massachusetts 01776, declare and 
state as follows: 




CERTIFICATE OF MAILING 

I hereby corlify thai Ihis oon-cspcfideiice i$ being deposited wilh the 
United Siaicfit Posinl Service with stiff Icient postage &a First Clasfi Mail in 
ao envelope nddressed co Aeaifllant Coram IfiSionsr for PaiOnis, P.O. Box 



Typed or printed aame of pcrsot signing ccfliijcate 



DECLARATION UNDER 37 C.F.R. 8 1 . 132 



1. 



1 am cuirently employed by Millennium Pharmaceuticals, Inc. as a Senior 
Scientist II and am trained as an immunologist. My curriculum vitae is attached 
as Exhibit A. 
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The above-identified patent application was filed on behalf of Millennium 
Phannaceuticals, Inc., 75 Sidney Street, Cambridge, Massachusetts 02139, the 
Assignee of record. This patent application is a divisional application of U.S. 
Application Serial No. 09/239,938, filed January 29, 1999. 

I am familiar with the invention claimed in Claims 1-163 of the above-captioned 
patent application and have reviewed the rejection of these claims under 35 
U-S.C §112, fi rst parag ra ph, set fo rth i n the O ffice Action m ail ed fi-om the U.S. 
Fatent andTradaniark Office on June 1 1, 2003. The Examiner states ^at Claims 
1-163 contain subject matter which was not described in the application in such a 
way as to enable one skilled in the art to which it pertains, or with whidi it is most 
nearly connected, to make and/or use the invention. Specifically, the Examiner 
states that the Specification does not provide the guidance needed to predictably 
administer an anti-CCRl antibody to an organism for clinical effect. The 
Examiner further states that the Specification appears to be relying on procedures 
''well known to the skilled artisan" to provide the details of the claimed method 
and alleges that the administration of antibodies for cUnical efiect does not appear 
to have been well known to the skilled artisan at the time the application was 
filed. It is iny miderstanding that Claims 98- 1 63 are being cancelled in the 
concurrently filed Amendment. 

At the effective filing date of the above-identified application (January 29, 1999), 
a large number of monoclonal antibody therapeutics were in clinical use and 
preclinical trials. This is evidenced by Reichert, Nature Biotechnology /P:819- 
822 (2001) attached as Exhibit B. Reichert provides a review of various aspects 
of the ctinical development of antibody products and notes that between 1980 and 
2000, 227 monoclonal antibody products entered commercially sponsored clinical 
studies. Thus, there was a large body of knowledge available to tiie skilled artisan 
in the field of antibody technology, particularly related to the formulation and 
optimization of antibody products for in vivo use, at the effective filing date of the 
application. 



3, 
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The above-idaitified application discloses antibodies and antigen-binding 
fragments that bind CCRl and inhibit binding of a ligand of CCRl to the receptor. 
In addition, the appUcation demonstrates that monoclonal antibody 2D4, which 
binds the second extracelliilar loop of CCRl, inhibits binding of MlP-la and 
RAMTES to CCRl and inhibits MlP-la- and RANTES-induced chemotaxis of 
monocytes and calcium flux in monocytes. Given this disclosure, it would have 
required only routine experimentation for the skilled artisan to make and use the 
claimed invention. In particular, the skilled artisan would have detenuined the 
pharm acodyna mi cs profi le in vitro (i .e., the a mount of antibod y needed to 
complexly inhibit, e.g:, chemotaws, and the amount of receptor saturation 
necessary to achieve complete inhibition) and in vivo (i.e., the dose of antibody to 
be administered to achieve in vivo the level of receptor saturation determined in 
vitro). The skilled artisan would also have detenuined the pK profile (Le., the 
concentration of antibody in the blood over time resulting from various amounts 
of administered antibody) of the antibody to make and use the invention 
commensurate with the ciirrent claims. The procedures for determining both the 
pharmacodynamics profile and the pK profile were routine in the ait at the 
effective filing date of the application and would not have required undue 
experimentation. 

To determine die inhibition activity profile, it was routiae to utilize an increasing 
concentration of antibody in in vitro chemotaxis assays to detennine the saturation 
profile of the antibody (% of CCRl receptors on cells which are occupied by 
antibody) which rKults in a particular level (e.g., 90%) of inhibition of 
chemotaxis. Chemotaxis assays are disclosed in the above-identified appUcation 
and wens routine in the art at the effective filing date of the application. 

To determine the pK profile, it was routine to use standard dose escalation 
protocols in which increasing doses of the antibody or antigen-binding fragment 
are administered and the physiological effects and blood levels of die antibody are 
monitored over a period of time. CCR] in particular is easy to work with in this 
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context because it is an ab^mdant receptor in blood by virtue of its expression on 
peripheral blood cells. 

8. Id view of paragraphs 4 through 7 above, it was routine and would not have 

required undue experimentation for one of skill in the ait to detennine the route 
and duration of administration and the quantity of antibody or antigen-binding 
fragment to be administered to effect the methods claimed in Claims 1-97 at the 
effective filing date of the above-identified application. Thus, it was well within 

. the abi lity of the ski lled artisan to a dminister an anti-CC R l antibody or 

antlgea-binding frajpicnt thereof as disclosed in the above-identified application 
and recited in the claims to inhibit a CCRl-mediated effect, to inhibit 
interaction of a cell bearing CCRl with a Ugand of CCRl, to inhibit a function 
associated with binding of a chemokine to a mammalian CCRl, or to inhibit 
leukocyte traflRcking, without undue experimentation. 

I further declare that all statements made herein of my own knowledge are true and that 
all statements based on information and belief are beUeved to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
code and that such willful and false statements may jeopardize the validity of the plication or 
any patent issuing thereon. 

Dominic Picarella Date 
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Dominic Picarella 

28 Deer Pond Road 
Sudbury, MA 01 776 
Home Phone (978) 443-0974 
Email depic@earthlink.net 
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1 989- 1 993 Post Doctoral Fellowship 

Department of Immunobiology (Richard Flavell) 
Yale University. New Haven CT 

_ ... .mi -1 9M Eh.D... lmmunQjiag.v_. . 



Saekler Schoor of-Blomedicai Sciences (Naomi Rosenberg) 
Tufts University, Boston MA 

1975-1978 M.S., Microbiology 

Waksman Institute of Microbiology (Otto Plescia) 
Rutgers University, New Brunswick NJ 

1971-1975 B.A., Chemistry 

Rutgers University, New Brunswick NJ 

EMPLOYMENT 

200 1-presenf Senior Scientisf lUnflammation Pharmacology 

Millennium Pharmaceuticals, Inc. 
Responsible for the development and implementation of a 
variet/ of rodent models of human disease to provide the 
biologicol validation of potential therapeutic targets and to 
provide the pharmacologic validation necessary to advance 
early development candidates into the clinic 



1 999-200 1 Senior Scientist I, Experimental Medicine, Millennium 

Pharmaceuticals, Inc. 
Primary responsibility for in vivo validation effort for new 
theropeutic targets in Rheumatoid Arthritis & Inflammatory 
Bowel Disease. 

Development of monoclonal antibodies for validation of targets 
in animal models of disease. 
Progrom leader for CCR6 Discovery 

/ 998- / 999 Sen/or Scientist II, Immunobiology, LeukoSite Inc. 

Progrom leader aep7 Discovery 

Biology leader (validation/small molecule) a4p7 Discover/ 
Development of monoclonol antibodies for validation of targets 



EXHIBIT 



A 
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in animal models of disease 



1 994- 1 998 Senior Research Sder^fist. Experimental Therapeutics, 

LeulcoSiie, Inc. 
Acting Director. Experimental Therapeutics 
Managed group of 7 senior scientists and scientists 
Directed in vivo validation and pharmacology efforts for 6 drug 
discover/ progroms 

Biology leader (validation/small molecule] for CCR3 Discovery. 

J 994- ; 998 Sen/or 5c/enf(st Experimental Therapeutics. LeukoSite, 

Inc. 

Success ful ly valid ate d cy.467 a s a thera peutic target for 

inflammafory bowel dileose^uslhg rnuiine rfiodels ofcolitis 
Successfully developed cell-based integrin-soluble ligand 
binding assay to identify small molecule inhibitors of MAdCAM-1 
binding to a4p7 

Successfully developed ELISA to detect soluble MAdCAM-1 in 
blood for use as a biomarker for diseose severity and efficacy 

' 994 Research Investigator, Department of Pulmonary 

Medicine, Yale University. 
Established research effort to study the role of cytokines in lung 
inflammation and pulmonary disease using transgenic mice as 
models. 

) 978- J 98 1 Associate Research Scientist, Wampole Division, 

Carter-Wallace, Inc. 
Development of next generation of RIA for hCG for pregnancy 
testing (Beta-Tec) 

Supervision of Manufacturing and Quality Control for RIA kit 
Development of manufacturing batch records for RIA kit 
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Monoclonal antibodies in the clinic 
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Hybrtdomaa were the original source of monocional anlibodies tor dinical triats. 



Despite initial teething problems, the number of clinically effective monoclonal antibodies is growing. 

Janice M, Reichen 

Monoclonal antibodies (mAbs) are 
naiure's biological warheads, able to target 
and help eliminate foreign or abnormal 
agents from the body. In theory, replicating 
this powerful oiefense system could cure 
some of humanity s most deadly diseases. 
Indeed, when these biologies flnt entered 
clinical studies in the early 1980s they were 
heral d ed as "mag ic bullets" for t he treat- 
mcnt _ of _ can cers , _ - able — 10 - seek - ou t - - and 
destroy tumor cells. However, early studies 
were disappoinilng and since then mAbs 
have fallen In and out of fashion. Today, 10 
mAbs are now approved as therapeutics in 
the United States, so some of the original 
enthusiasm appears to have been Justified. 
Here, a retrospective study provides a pic- 
ture of the success of mAbs in the clinic, 
and prompts speculation about the most 
suitable choice! of mAb class to pursue as a 
therapeutic. 

The monoclonal revolution 

The first generation of mAbs, unveiled in 
1975 (ref. 1), were murine mAbs derived 
from mouse B-cell hybrldomas (see 
"Monoclonal antibodies by design"). 
However, as murine mAbs moved into clin- 
ical trials, it became clear that they had 
limited potential as therapeuUcs. The 
human immiine system recognizes murine 
mAbs as foreign material, producing 
human anti-mouse antibodies (HAMAs) 
to clear them from the body, thereby limit- 
ing iheir therapeutic benefiL Funhermore, 
murine mAbs are inelBdent at triggering 
the funcUon of effector cells (e.g., 
raacropliages. T cells) needed to eliminate 
the antibody-antigen complex. 

In sum. murine mAbs were disappointing 
dierapeutics, and only one reached the US 
market. After a two-year review period, the 
US Food and Drug Administration (FDA) 
approved muromonab-CD3 in 1986 for the 
reversal of acute rejection of Wdney trans- 
plants. However, muromonab's success was 
dependenL in pan, on the fact that patients 
undergoing kJdney transplant are treated 
with other ImmunosupprGSsanis and are less 



prone to HAMA reactions, 

If mAbs were to become a class of 
successful therapeutics, then researchers 
needed to create nonlmraunogenic mAbs 
with high binding affmitlcs that could trig- 
ger the appropriate effectors. The most 
obvious strategy was to make mAbs more 
"humanlike" by creating mAbs with 
human protein sequences, Human 
hybrldomas were produced using the same 
methods applied to create murine hybrldo- 
mas^ However, the human B-cell imes were 
unstable, yielding only small amounts of 



the desired antibody, and few fully human 
mAbs entered clinical trials during the late 
19805. 

Subsequent efforts concenxrated on 
using generic manipulation to produce 
human or humanlike monoclonal prod- 
ucts. Chimeric mAbs. specifically 
human-murlne hybrids (sec "Monoclonal 
antibodies by design"), were described in 
several publications during 1984 (rcfs 3,4). 
and the first entered clinical trials in 1987. 
Researchers hoped that the human con- 
stant regions of the mAbs would not only 



Table 1 . Success rates for mAte entering clinical trials 
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(years) 
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approved 






1990-1982 
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100 
89 


SO 


1983-1685 
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1986-1968 


33 


29 
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94 


6 


1989-1991 


3d 


29 
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81 
68 
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1992-1994 


41 


23 


5 


16 
0 


1995-1997 


33 


12 
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36 


1898-2000 


34 
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6 
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All mAba (1990^2000) 


136 


104 


10 


61 


9 
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Murine mAbs 
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34 
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71 


Chimeric mAba 


23 


13 


a 


74 


24 
25 


Humanized mAbs 


59 


IS 
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34 



.^..^Hjouun = wi« H«t«"«iye pronucis uiai i^o been aiscominued arid appmvad, provWino an tndi- 
catTon of how fer Irtals have ppoQreaBad. A tow value wfli fnevliabty reduce me accuracy of Ihe eflUma»d auo- 
cess ralas for thai daaa or mAbs. 

^ % success =j the pefoantaea of mAba ihat succeasfuliy comnteEad trials and wvom aoprovad by the us FDA 



nafl/mtxAm/rejXtm - SEPTEMBER ZOOl - VOLUME 19 . /tiwrc MUSCfinoltlgy 



11/12/2003 16:34 FAX 

Feature 



^ll © 2001 Nature Publishing Group http'7/blotech.nature.com 




Q. 

E 
(9 



a 

2 



i 

® 



h Chtmorb tnAbp (r^) 
Humsntzcxl mAh* (rt-ss) 



Initiation of clinical study (year) 



Figure 1 . Number of mAbs entering dinicai studiaa by year. Total mAbs Indudea murine, chimeric 
humanfzsd, Primatlzsd, human, and mAbs of unidentified category. 



trigger effector funcdons, but also make 
the products Invisible to the patient's 
immune system, thereby eUminadng the 
HAMA response. On the assumption that a 
greater perceritagc of native human 
sequence would provide a more effective 
therapeutic, humanized nnAbs were pro- 
duced in 1986 (ref. 5), and the first com- 
mercially sponsored humanized mAb 
entered dinicai shidles in 1988. 

into the clinic 

Between 1980 and 1992, murine mAbs 
were the predominant mAbs entering clini- 
cal studies, reaching a "peak" of eight prod- 
ucts during the year 1991 (see Fig. 1). 
Chimeric mAbs were less evidenr Between 
two and four products entered clinical 
studies each year during 1988-1994. By 
comparisoa although few humanized 
mAbs entered clinical studies during the 
late 1980s and early 19905, dils class of 
mAbs has been the main source of anti* 
body-based products entering clinical 
studies since 1997. 

Although production of fully human 
mAbs from transgenic mice and phage dis- 
play has been possible since the early 1990s, 
disputes over the patents for the technolo- 
gies has delayed the Investigation of this 
class of mAbs. In particular, the dispute 
between GenPharm (now Medartx of 
Princeton, NJ) and Cell Genesys (now 
Abgenlx of Fremont. CA) was not resolved 
until 1997 (through a cross-Ucensing agree- 
ment), and there is ongoing lidgatlon 



between MorphoSys (Martinsried, 
Germany) and Cambridge Antibody 
Technology (Cambridge. UK) over anti- 
body phage display technology. 
Nevertheless, despite sdendflc and legal 
issues, the biopharraaccudcal Industry has 



embraced the notion that the more 
"humanlike" the raAb, the greater its 
chance of being a safe and elfccdve medi- 
cine. To determine whether or not this pref- 
erence may be Jusdfled, we studied the dif- 
ference in SUCCESS rates for the different cat- 
egories of mAbs. 

We collected clinical development and 
regulatory review data for 186 products 
entering clinical studies by United 
Scaies-based commercial sponsors during 
1980-2000 (see ''Analysis criteria''). The 
data were classed by the year chat the 
clinical studies were Initiated, and by the 
specific mAb category (murine, chimeric, 
or humanized). Success rates were then ca)- 
ciilated, being most accurate for the groups 
. .with Lh P. firmr e st numhrr of p rodu r^ wH^h 
"known fatcs^~Note that the success rates 
calculated for the 1995-1997 and 
1998-2000 periods are less accurate: On 
average, approved mAbs spent 63.1 
months^ In clinical development and 
regulatory review, and so insufficient time 
has passed for accurate estimates to be 
made. 

After an Initial high success rate of 
50%— a value diat was skewed by the suc- 
cess of muromonab — the success rates for 
nnAbs dropped over time, not rising to 
double-digit figiires (18%) again until 
1992-1994 (Table 1). During that period, a 
larger number of humanized mAbs began 
entering clinical studies. 



Monoclonal antibodies by design 

Antibody: Complex prolein-based moleculos produced by B lymphocytes that bind to ancJ 
help alimiriate foreign and infectious agents in the body. Antibodies are Y-shaped, having two 
selfi of branches attached to a single stem. The arms of the Y are the so-called varlabfe 
regions, the Tips of the arms contain aniigen-blnding regions, and the siom ia a constant 
region. Trw constant region triggers sffectorfunctlons (phagocytosis, cytofyafs, or Inlllation of 
complement cascade tellowed by cell lysis) by finking the complex lo other cells of the 
immune system. 

Wlonocional antibody (mAb): Originally, vnAba were anb-bodies produced from a single B 
lymphocyte. Genetic manipuiailon now allows genes from multipfe sources of B lymphocyias 
(e.g., nrujuse and human) to be combined, iwlonodonal antibodies of a defined peptide sequence 
have Identical antigen-binding regions and bind to the same ate (the epitope) of an an^'gen. 
Murine (mouse) mAb: A mAb derived entirely from mice, spacrfically murine hybrldomas 
generated from the fusion of mouse myeloma and mouse B-lymphocyte cells. 
Chimeric mAb: A mAb congtoictod from variable regions derived from murine souice and 
constant mgions derived from a human source. 

Humanized mAb: A mAb constnjded with only antigen-binding regions (also called 
complememarily-determlning regions, or CDRs) derived from a mouse, and the remainder 
of the variable regions, and conaani regions, derived from a human source. 
Primatteod: A mAb constructed from variable regions derived from Cynamotgus macaques 
and constant regions derived from a human source. Primatized is a registered US trademark 
of IDEC Pharmaceuticals (San Diego, CA). 

Human mAb: A mAb derived entirely Imm human sources, currently Transgenic mice or 
phage display Human mAbs can also be produced from human hybridomas or human 
B-lymphocyie cell lines Immortalized by Epsieln-Barr vinjs. However, these cell lines are 
unstable and produce only small amounts of mAbs. 
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Analysis criteria 

IhQ biopharmaceuticaJ3 tiatabaee of the Tufts Center for the Study of Drug Development 
ndudes data on 227 monocKmaJ antibody products (92 of which are currently in development) 
that ente/ed commercially sponsored dinlcai studies between 1980 and 2000 Records for 
ihese products were updated through to mld-i^y 2001 . Daia were collected from surveys of 
eponsonng companies, and from public documents. Daia for che 186 mAbs sponsored by 
United Stares-based companies were included In the caJculation of euccess rates 

Of the 186 mAbfi. 72 were in development (18 were In phase 1, 37 were In phase 2 14 
were at phase 3, and 3 were undergoing regulatory review by the FDA). For calculation^ of 
phase transitron success rates, phase 1/2 studies were assigned as phase 2, and phase 2/Z 
studies were assigned as phase 3. Description of the category of mAb (murine, chimeric 
humantzed. Pnmatlzed. or human), which was available for 78% of the mAb products, wa^ 
either provided by the sponsoring company or assigned fmm Information In public documents. 

.f ""^^ calculated for Primatized or hurran mAbs because too few have 
entered clinical studies for any calculated value to be meaningful. 



the average success rate for all mAb 
products was 9%, but ihls masl« distinct 
differences In success rates for different 
categories. Murine mAbs have been the 
least successful of the mAb products wiih a 
success rate of only 3%— not i-urprislng 
given the sctentiflc and cUnlcal concerns 
associated with these products. ChtmDrlc 
and humanized nru^bs have higher Success 
rates of 24% and 25%. respectively. 

We may predict that the success rates for 
the humanized mAb group will be higher 
in the future. The calculated success rate 
for humanized mAbs presented here is 
based on Just 34% of ihe total; the rest of 
the group are still progressing through 
clinical irials, and their fate 2s not yet 
knowa Furthermore, in general, the suc- 
cess rate for a class of therapeutic medi- 
cines increases as clinical experience of 
these products accumulates over time'. 
Nevertheless, the success rates for chimeric 
and humanized mAbs are currently slightly 
higher than those for new chemical entities 
(NCEs). ranging from 23.2% during the 
1981-1983 period to 17.2% during 
1990-1992 (t«f. 7). 

Making the transition 

The probabilibes of progressing through 
clinical development and regulatory review 
were calculated for ihe mAb producb; 
according to che year chat the clinical study 
was initiated and by the specific category of 
mAb (Table 2). The probability of mAbs 
moving from phase 1 to 2 ranged from 50% 
to 90% during the period 1980-2000. 
There were lower rates of success for prod- 
ucts making the transition between phase 2 
and 3 (range 40-55%). and between the 
phase 3 and the FDA review phase (range 
29-67%: the 100% success rate for 
1980-1982 was an anonialy because one of 
two products Included In that dmc period 
was ultimately approved). 



All three categories of mAbs had similar 
phase 1 to phase 2 transition probabilities. 
Humanized mAbs had the highest probabil- 
ity of completing phase 2 and entering 
phase 3, so a higher percentage were effec- 
tive as therapeutics. However, a clear dis- 
tinction between the product types emerged 
after phase 3: Murine mAbs were less likely 
to go to regulatory review than chimeric and 
humanized mAbs and were less likely to be 
approved. Chimeric and humanized mAbs 
had similar probabilities of making phase 
transitions from phase 3 to regulatory 
review, and all were subsequently approved. 
The perfect score for this latter transition 
suggests that sponsoring companies applied 
stringent standards to the clinical dats sub- 
mitted to the FDA— a practice that must 
continue if this high transition rate is to be 
maintained. 

In comparison, the Success rate for NCEs 
for the transition between phase 1 and 2 is 
73%, between phase 2 and 3 is 45%, and 
between phase 3 and approval Is 73% 



(ref. 7; phase 3 to approval transition rates 
arc 15% for murine mAbs. 80% for 
chimeric mAbs. and 75% for humanized 
mAbs). These data suggest that mAbs and 
NCEs are subject to the same challenges in 
the cUnlc. Failures at phase I, when safety Is 
assessed, should be minimal but may still 
arise because of unexpected side effects or 
poor pharmacokinetics and pharmacody- 
namics not anticipated from pr«chnlcal 
studies. The success rate falls during the 
transition from phase 2 to 3 because effec- 
tiveness U a more difficult standard to 
achieve. Assuming tiiat only safe and effec- 
tive candidates ^movG into phase 3, then 
only unexpected problems, which can hap- 
pen when clinical studies are scaled up. 
— sh 9a4d-der^ ri l^rodu€^t t hac- ^ifti. Review 
to approval success rates should be 100%. 
as. Ideally, companies are presenting 
unequivocal data to the US FDA. 

Monocionals to the martcet 

Analysis of the success rates of mAbs show 
that despite early failures of murine prod- 
ucts, chimeric and humanized mAbs are 
viable therapeutics. There are currently 10 
mAb products on the market in the United 
States (one murine, four chimeric, and five 
humanized), and more than 70 products in 
clinical development (see Table 3). We can 
use the success rates here to predict that 
10-12 of these chimeric and humanized 
mAbs products in development will be 
approved for marketing within the next five 
to six yeans. Humanized mAbs may have an 
even higher success rate than was calculated 
from the data currently avaJlablQ. and in this 
case an even larger number of products may 
gain approval. 

The Indusbry has die technologies- need- 
ed to optimize both the specificity and 
yield of mAbs, providing products that are 



Table 2. Phase transition probabiJitres for mAbs 
Initialfon of % completion" Phaae 1 lo 
crinlcal study Phaso2» 
{year) 



1980-1982 

1983-1985 

1956-1988 

19aa-1991 

1892-1994 

1995-1997 

199&^00 

Murine fnAbs 

Chimeric mAbs 

Humanized mAbs 



100 
69 
94 
91 
68 
38 
€ 
71 
7d 
34 



50% 
67% 

5a% 

64% 
85% 
77% 
60% 
77% 
86% 
64% 



Phaae 2 to 


Phases to 


Review TO 


Phase 3" 


Heviewo 


Appfovar 


100% 


100% 


100% 


50% 


60% 


0% 


47% 


57% 


50% 


40% 




100% 


55% 


67% 


100% 


55% 


NA 


NA 


NA 


NA 


NA 


52% 


45% 


33% 


40% 


80% 


100% 


72% 


75% 


100% 



* % completion = eee Rg. i 

s« Success rates for phaae iransltlons wom caJcuatkd as follow: mo number of nroduriH thai r^m«»onw4 , 
NA = Nor fipplicabte: calculauon required dhrfalon by zero. 
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Muromonab-C03 

AbcodfTiab 

Rituximab 

Daclizumab 

Basi^ximab 

Pallvlzumab 

mniximab 

Trgstuzumab 

Gemtuzumab ozo^amidn 

Alemtuzurrtab 



clinically effective and cost cffecrive to 
manufacture. Production methods depend 
on the lype of mAb desired: Chimeric or 
humanized mA bs can be mad e by geneti c 
manipulation and produced in mam- 
malian, plant, or insect cells; human mAbs 
can be produced by phage display, or from 
transgenic animals such as mice and goats. 
The complexity of the production using 
any of these methods is not very different 
from that used for other recombinant pro- 
tein products. Hovever, given the current 
concerns about the dcficiis in manufaccur- 
ing capacity for blopharmaccuticals^ 
where will these products be produced? 



Trade name 


Sponsor company 


lype 


Approval date 


Orthodone 


Ortho Biotech 


Murine 


1985 


ReoPro 


CerttoGor 


Chimeric 


1934 


BItuxan 


Genent«:h 


Chuneric 


1997 


Zenapax 


Hoffman-La Roche 


Humantzsd 


19B7 


Srmulect 


Novartis 


Chimeric 


1898 


Synagia 


Medlmmune 


Humanized 


1998 


Remicads 


Centocor 


Chimeric 


1^8 


Hercdpb'n 


Genenlech 


Humanized 


1998 


Mylotarg 


Wyeth-Ayerst 


Humanized 


2000 


Campalh 


Uillennlum/tL^ 


Humanized 


2001 



The pharmaceutical and financial indus- 
tries, and govemmencs, need to work 
together to address the long-term planning 
and inves tme nt Issues .associated, .with. 
building-nsw-manufsGturfng facilitles-ror 
such produces. 

The technology used to produce mAbs 
will continue to evolve. Human mAbs were 
not Included In this study because few 
have, as yet, entered clinical snidlfis. 
although this situation will change in the 
near future. How this will change the land- 
scape for mAbs remains to be seen. Will the 
increasing numbers of human mAbs 
ecUpse humanized mAbs? Will the human 



mAbs have a higher success rate than 
chimeric or humanized mAbs? Regardless 
of the answers to these qucsdons, It is clear 
that therapeutic mAbs have proved their 
worth and are here to stay. Therapeutic 
mAbs have unique characteristics that can- 
not be duplicated by small-molecule drugs, 
and are welcome additions to the armory 
of therapeutic medicines. 
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